Background. Studies analyzing the impact of combination antiretroviral therapy (cART) on cervical infection with high-risk human papillomavirus (HR-HPV) have generated conflicting results. We assessed the long-term impact of cART on persistent cervical HR-HPV infection in a very large cohort of 652 women who underwent follow-up of HIV infection for a median duration of 104 months.
(HIV)-positive women. In these women, progressive immunodeficiency and higher plasma HIV load significantly increase the rate of HR-HPV carriage and worsen its evolution, leading more frequently to highgrade cervical squamous intraepithelial lesions (HSILs) and invasive cancer [1] [2] [3] [4] . Although these relationships have been clearly demonstrated, studies analyzing the effect of combination antiretroviral therapy (cART) on HR-HPV infection have generated conflicting results. Four studies could not find a beneficial impact of cART on HR-HPV infection, but they were limited by small sample sizes, short-term follow-up, and lack of evaluation of cART adherence and efficacy on HIV load [5] [6] [7] [8] . In contrast, 2 other studies found a significant decrease in HR-HPV prevalence in study subjects 2 years after starting cART [9, 10] . In contrast with decreasing incidences of other opportunistic infections, the scaling-up of cART has been associated with a stable incidence of HPV-induced cervical cancer and a markedly increased incidence of anal cancer [11, 12] . A cumulative HPV exposure secondary to a longer survival duration in cART-treated patients with HIV infection is the leading hypothesis for this observation. However, the absence of a decline in the incidence of HPV-induced cancers with cART scale-up might be due to more complex interactions between duration and level of both immunodeficiency and immune reconstitution, as discussed in a recent editorial by Palefsky [13] .
As persistent infection with HR-HPV is the first step before the occurrence of high-grade squamous intraepithelial cervical lesions and invasive cervical cancer [14] , there is a need to better understand the relationship between HIV therapy and cervical HR-HPV infection. Our present study assessed the long-term impact of cART on HR-HPV infection in a large cohort of HIV-infected women by evaluating the association between the rate of cervical HR-HPV infection and the time spent in different CD4
+ T-cell cell count strata and the time spent with an undetectable HIV load.
METHODS
Since 2002, an ongoing prospective program of screening and follow-up of HR-HPV infection has been systematically offered to all women undergoing follow-up for HIV-1 infection in our AIDS reference center in Saint-Pierre University Hospital (Brussels, Belgium). Women are seen by a dedicated gynecologist within the AIDS reference center and are then followed every year or, if they have complaints or abnormal smear results, more often. At the first and subsequent visits, cytology by Papanicolaou smear (according to the Bethesda Classification) and a HR-HPV screen are performed on a liquid-based sample taken with a cytological brush (ThinPrep and SurePath current cART use (yes or no); median duration of cART; HIV load; smoking status; and previous pregnancies. The SaintPierre HIV Cohort includes and follows prospectively all patients who have attended our AIDS reference center since 1983 and has been described in details previously [15] ; data are collected at each consultation every 3-4 months. At time of enrollment in the HR-HPV screening program, most of the women had been already followed in the SaintPierre HIV Cohort for several years. After inclusion in the HR-HPV program, they continued to be followed prospectively in the HIV cohort. Thus, prospective data on HIV infection and follow-up were available for a prolonged period before and after inclusion in the HR-HPV screening program.
The screening program and the data collection were both approved by the Ethics Committee of Saint-Pierre University Hospital, Brussels.
HR-HPV prevalence was calculated as the proportion of women with HR-HPV detected at the first screen; the cumulative prevalence was calculated as the proportion of women with at least 1 HR-HPV-positive test result during the study period (including both first and follow-up screenings). To calculate the HR-HPV incidence, we considered all women whose initial sample tested negative for HR-HPV and who had at least 1 additional sample tested.
The duration of sustained HIV undetectability was calculated as the interval from the midpoint between the date of the first undetectable HIV load and the first preceding date on which the HIV load was detectable to the midpoint between the date of the last undetectable HIV load and either the date of the first subsequent detectable HIV load or the date of the HR-HPV screening considered for the analysis. If a patient had 1 or several detectable HIV load measurement(s) alternating with an undetectable HIV load, we added all of the periods during which the HIV load was undetectable.
The time spent in each CD4 + T-cell count stratum was calculated the same way as the duration of sustained HIV undetectability was calculated.
First HR-HPV Screening
We compared women who tested positive for HR-HPV at baseline to women with a negative test result at baseline by univariate analysis (the χ 2 or Fisher exact tests were used for categorical data, and the Kruskal-Wallis test was used for continuous data) and by multivariate analysis (logistic regression).
Clearance Versus Persistence
We analyzed clearance and persistence of HR-HPV infection in the follow-up samples by using conservative definitions previously used in other studies [8] , in which clearance was defined as a HR-HPV-positive test result followed by 2 consecutive negative test results any time during follow-up. Among women without clearance, persistence was defined as a HR-HPVpositive test result followed by at least 2 consecutive test results that were not both negative. If a woman had several sequences of clearance, persistence, or both, only the first sequence was taken into account. The estimated date of clearance or persistence was defined as the midpoint between the dates of the first and second tests in the sequences described above. Comparison was made between the 2 groups at the time of clearance or persistence by univariate analysis (the χ 2 or Fisher exact tests were used for categorical data, and the Kruskal-Wallis test was used for continuous data) and by multivariate analysis (logistic regression).
HR-HPV at Any Time During Study
Because of the high heterogeneity of the sequences, HR-HPV in most of the patients did not fulfill the conservative definition of clearance or persistence. Another drawback of using specific cutoffs such as clearance and persistence (both of which, by definition, happen at a precise moment) is that the impact of progressive immune restoration-a continuous process-could not be taken into account. To avoid these 2 pitfalls, we took all consecutive HPV tests into account, including all baseline and follow-up results. We evaluated the predictive factors of HR-HPV carriage at any time during the study by univariate analysis (the χ 2 or Fisher exact tests were used for categorical data, and the Kruskal-Wallis test was used for continuous data) and multivariate analysis performed by marginal logistic test regression.
RESULTS
From January 2002 to February 2011, 825 women had at least 1 cervical screen for HPV. Women with previous HSIL or cervical cancer confirmed by biopsy (n = 141) or a hysterectomy for nononcologic reasons (n = 32) were excluded, leaving 652 patients for the final analysis. Women who developed HSIL or cervical cancer (n = 29) or had a nononcologic hysterectomy (n = 5) after being included in the screening program were censored at the time of the event. , and 366 (56%) had an undetectable HIV load, defined as an HIV load of <50 copies/ mL (range for the whole cohort at the first HR-HPV screen, <50-555 000 copies/mL).
First HR-HPV Screen
The prevalence of HR-HPV infection at the first screen was 42.8% (95% confidence interval [CI], 38.9%-46.7%). The prevalence decreased significantly with age, with values of 65% for women aged <30 years (n = 127), 46% for those aged 30-39 years (n = 239), 29% for those aged 40-49 years (n = 201), and 32% for those aged >49 years (n = 85; P < .0001, by the χ 2 test).
The prevalence of HR-HPV infection also decreased significantly with increasing CD4 + T-cell count, with values of 63%
for counts of <200 cells/µL (n = 67), 53% for counts of 200-349 cells/µL (n = 148), 43% for counts of 350-499 cells/µL (n = 181), and 28% for counts of >499 cells/µL (n = 226; P < .0001, by the χ 2 test).
Characteristics of the patients, stratified by baseline HR-HPV test result, are described in Table 1 . In univariate analysis, women with HR-HPV infection were statistically significantly younger (P < .0001), had a lower median CD4 + T-cell count at the time of HR-HPV screening (P < .0001), and were more likely to have had more-advanced CDC stage AIDS (P = .004) and a lower nadir CD4 + T-cell count (P = .03 for a CD4 + T-cell count of < 350 cells/µL and P = .007 for a CD4 + T-cell count of <500 cells/µL). Women with a negative HR-HPV test result at baseline were more likely to have undergone HIV infection follow-up for >5 years (P = .0002) and to have received cART for >2 years (P < .0001). The proportion of women in whom the cumulative duration of HIV undetectability was >2 years was significantly higher in the HR-HPV-negative group (P < .0001 for HIV loads of <400 and <50 copies/mL). There was no statistically significant difference in terms of race/ethnic origin, HIV acquisition route, smoking status, or previous pregnancy. In multivariate analysis ( Table 2) copies/mL) for ≥24 months had a decreased odds of HR-HPV carriage at baseline (P < .04 and P<.0001, respectively).
Follow-up HR-HPV Detection
HR-HPV testing was performed once in 304 women, twice in 155, 3 times in 100, and ≥4 times in 93 women. The median number of HPV tests per woman was 2 (range, 1-11 tests; 10th-90th percentiles, 1-4 tests), with a median interval of 15.5 months (IQR, 9-28 months) between 2 consecutive tests. The median duration between the first and the last HR-HPV screen in the study was 38 months (IQR, 21-62 months). At time of the last HR-HPV screen, women had been undergone HIV infection follow-up for a median duration of 103 months (IQR, 67-152 months). The cumulative prevalence of HR-HPV during the whole program was 51% (95% CI, 47%-55%). Among the 165 patients for whom the first screen was negative for HR-HPV and was followed by at least 1 test, 54 subsequently tested positive for HR-HPV during the 4824 patientmonths of follow-up, for an incidence rate of 13.4 cases per 100 woman-years (95% CI, 6.4-20.9).
Clearance Versus Persistence
We could apply the conservative definition of HR-HPV clearance or persistence to 140 women: clearance was found in 63 women and persistence in 77 women. In univariate analysis, women with clearance were more likely to have had a median HIV infection follow-up duration of ≥5 years (63% vs 45%; P = .033) and to have an undetectable HIV load for a longer period (HIV load < 400 copies/mL, 32 vs 19 months [P = .01]; HIV load < 50 copies/mL, 27.5 vs 16.5 months [P = .009]). The 2 groups were similar at the time of clearance or persistence in terms of age (37 years), race/ethnic origin (82% had subSaharan Africa ethnic origin), smoking status (29% were smokers), previous pregnancy (26%), previous CDC C AIDS (20%), cART duration of ≥2 years (83% for women who .001-1.035; P < .039 for HIV loads of <400 and <50 copies/mL).
HR-HPV at Any Time During Study
We evaluated the predictive factors for HR-HPV carriage at any time during the study by taking into account all consecutive HPV tests, including baseline and follow-up results. In univariate analysis (Table 3) , at the time of a HR-HPV-negative test result, women were older (P < .0001), had spent a longer median interval in the higher CD4 + T-cell count strata (16 vs , and had an HIV load of <50 copies/mL for a longer duration (40.6 vs 17 months; P < .0001), compared with women with HR-HPV. In multivariate analysis, women aged <30 years had an increased risk of a HR-HPV-positive test result any time during the study (OR, 3.13; 95% CI, 1.8-5.6; P < .0001 [OR = 1 for age >50 years]), but having a CD4 + T-cell count of >500 cells/µL for >18 months was associated with a significantly decreased risk (OR, 0.88; 95% CI, .82-.94; P = .0002). Women with an HIV load of < 50 copies/mL for >40 months had also a significantly decreased risk of testing positive for HR-HPV (OR, 0.81; 95% CI, .76-.86; P < .0001).
DISCUSSION
In this large cohort of 652 women who underwent follow-up for HIV infection for several years and had a high prevalence of HR-HPV coinfection, we found that the risk of HR-HPV carriage significantly decreased in those with sustained immunological reconstitution (ie, a CD4 + T-cell count of >500 cells/µL for >18 months) and long-lasting HIV suppression (<50 copies/mL for >40 months). These results were reproducible and highly significant, whether we considered only the first HR-HPV screen or persistent and cleared infections, defined according to a conservative definition, or the risk of HR-HPV carriage at any time during follow-up. Our results accord with those of 2 other studies. The ACTG A5029 trial followed 146 women who started cART prospectively for 2 years, with efficacy assessed by repeated measurement of the CD4 + T-cell count (which increased from 238 to 426 cells/µL) and the HIV load (63% had an HIV load of <50 copies/mL at study end) [9] ; HR-HPV detection decreased from 62% to 39% after 2 years, and this was significantly associated with a longer follow-up duration. In another study, Minkoff et al found a significant decline in the HR-HPV prevalence 2.5 years after initiation of cART in 144 women who reported to be adherent to their therapy [10] ; in contrast, the HR-HPV prevalence remained stable in the 142 nonadherent patients. However, the decrease in prevalence among women receiving an effective cART regimen, as defined by repeatedly undetectable HIV loads, was only marginally significant (P = .06), suggesting that 2.5 years of cART is too short of an interval to obtain significant HR-HPV clearance. Indeed, our results show that it could take >3 years of undetectable HIV loads and >1.5 years of CD4 + T-cell counts of >500 cells/µL to obtain a clearance of HR-HPV. Three other studies found that cART did not have a beneficial effect against cervical HR-HPV infection. In contrast to our study, these cohorts included fewer patients and had a shorter maximum follow-up duration of 2 years [5] [6] [7] . In these studies, which included patients who were treated in the 1990s, the lack of demonstration of cART's efficacy against HR-HPV infection could be due to cART's suboptimal efficacy against HIV itself. Indeed, the older antiviral regimens included numerous pills to be taken several times per day and had higher rates of intolerance, such as gastrointestinal side effects. Because these studies did not provide information on adherence or on HIV load, their findings on the efficacy of cART could be questioned. In the HER study [7] , information on cART use was assessed from patients only by self-report. A subsequent report from the same cohort confirmed poor cART adherence (64% during the first month, then 45% after 6 months) and the likely poor virological response [16] . In a recent study, there was no beneficial effect on HR-HPV clearance in 100 patients: although the CD4 + T-cell count increased from 471 to 525 cells/µL, the follow-up duration was only 14 months after starting cART [8] .
In contrast, we assessed the efficacy of cART by measuring both the time spent with an undetectable HIV load and the subsequent immune restoration, calculated by the cumulative time spent in each CD4 + T-cell count stratum. We could provide these data during the study period of 38 months, but we also had a reliable prospective database with data on surrogate markers available for all enrolled patients for a median duration of 66 months before they entered the HPV study, allowing assessment of the immune reconstitution during cART over a long period. The positive impact of long-term HIV control on HR-HPV infection is biologically plausible: a higher HIV load is associated with a higher prevalence of HR-HPV and is independent of the CD4 + T-cell count [2] [3] [4] 17] . HIV viremia has also been shown to act as an independent risk factor for other opportunistic infections, such as Pneumocystis pneumonia or refractory candidiasis [18, 19] . This may reflect that an uncontrolled HIV load is responsible not only for CD4 + T-cell destruction but also for decreasing other immune functions not measurable in routine practice and that are correlated with HR-HPV infection control, such as cytokine production. Indeed, cytokine responses to HPV infection are altered in cervical cells of HIV-positive women [20] . Contrasting with most opportunistic pathogens, HR-HPV leads to cancer also in immunocompetent persons, so even subtle changes in immune function might be responsible for higher HR-HPV prevalences in HIV-positive patients. This has been demonstrated in HIV-positive adolescents with CD4 + T-cell counts of >500 cells/µL who had a significantly higher rate of persistent HR-HPV infection than HIV-negative controls [21] . Another recent study [22] found that the risk of newly detected HR-HPV increased by 2.5-5 times 3-6 months after acquiring HIV infection, confirming findings from animal models, in which HIV induced severe depletion of genital tract immunity immediately during acute infection [23] .
As a consequence, prolonged immune restoration induced by an efficient cART regimen would be needed before any improvement on HR-HPV infection could be measured. The significant benefit of an efficient cART regimen against HR-HPV infection demonstrated in our cohort, in which the median duration of HIV infection follow-up is >8 years, sustains this hypothesis. Persistent HR-HPV infection precedes invasive cancer by 10-15 years, which might explain why the incidence of cervical cancer has not yet decreased in the cART era.
Our study has several limitations. First, we used a hybrid capture technique to detect HR-HPV infection. Because the sensitivity of this technique is inferior to that of PCR techniques, our prevalence and incidence rates might be underestimated.
However, the specificity of hybrid capture is higher than that of PCR in HIV-positive women [24, 25] , and the genotypes detected with hybrid capture have been recently confirmed as high risk by the International Agency for Research on Cancer [26] . We could not generate results according to the different HR-HPV genotypes. However, because HIV-positive women are more likely to carry multiple HR-HPV genotypes concomitantly [27] , the studies that used PCR had to aggregate the results according to "high-risk" or "low-risk" types to reach statistical significance, owing to small numbers of patients per genotype [6, 9, 10] . Second, the median interval between 2 screenings was 15 months, so transient HPV infection could have been missed (ie, some women might have acquired and then lost HR-HPV between visits), but because we have focused on persistent infection defined as lasting >6 to 12 months, transient infection would not impact our results.
In conclusion, sustained HIV suppression for >40 months and a CD4 + T-cell count of >500 cells/µL for >18 months are independently and significantly associated with HR-HPV control and a lower risk of persistent cervical HR-HPV infection. In women, initiation of cART early in the course of HIV infection, to achieve a high CD4 + T-cell count and sustained undetectable viral load, could reduce the incidence of HR-HPV infection and, subsequently, the incidences of induced cervical dysplasia and cancer. This strategy deserves further study.
Notes

